Radial and vertical distributions of radiocesium in tree stems of Pinus densiflora and Quercus 1 serrata 1.5 y after the Fukushima nuclear disaster 2 3 Shinta Ohashi a* , Naoki Okada a , Atsushi Tanaka The radial and vertical distributions of radiocesium in tree stems were investigated to 2 understand radiocesium transfer to trees at an early stage of massive contamination from the 3 Fukushima nuclear disaster. A conifer species (Japanese red pine) and a broad-leaved species 4 (Japanese konara oak) were selected to determine whether the radiocesium contamination 5 pattern differs between species. Stem disks were collected at several heights and separated 6 into outer bark, inner bark, and wood. The radiocesium concentration was the highest in the 7 outer bark, followed by that in the inner bark and wood. The vertical distribution of the 8 radiocesium concentration at each stem part differed between the species. The difference 9 between species in radiocesium concentration of the outer bark could be explained by 10 presence or absence of leaves at the time of the disaster. However, the reasons for the 11 differences between species in the radiocesium concentration of the inner bark and wood are 12 unclear. The radial distribution in the wood of the studied species showed a common pattern 13 across stem disk heights and species. However, the radiocesium concentration ratio between 14 sapwood and inner bark was significantly different between species. Although the radial 15 contamination pattern in the wood was similar in the studied species during the early stage of 16 contamination, the radiocesium transport pathway and allocation would be different between 17 the species, and the contamination pattern will likely be different between the species at later 18 stages. Continued investigations are important for understanding the radiocesium cycle and 19 the accumulation of radiocesium in the tree stems of each species. Radiocesium may enter a tree via root uptake, translocation from the foliar surface, or even 35 from the bark surface (Ertel and Ziegler, 1991; Tagami et al., 2012). In a tree stem, 36 radiocesium is mobile and passes through tree rings (Kohno et al., 1988; Kudo et al., 1993; 37 Momoshima and Bondietti, 1994), resulting in whole-stem contamination. Some radiocesium 38 may form ionic bonds with carboxylic groups in cell walls, the cytoplasm of living cells, and 39 the cell debris of the heartwood, the inner part of wood (Brown, 1964 were selected for the study ( trichocarpum 5%, Q. serrata 4%, and Swida controversa 4%). In the oak plot, the tree 81 density was 1,413 ha −1 and Japanese konara oak (Q. serrata) accounted for 38% of the trees, 82 followed by Japanese clethra (Clethra barbinervis; 12%), Japanese wild cherry (Cerasus 83 jamasakura; 6%), sawtooth oak (Q. acutissima; 5%), and Japanese mizunara oak (Q.
ecosystems for many decades. Therefore, understanding radiocesium dynamics is critical to 32 forest management in contaminated areas. In particular, 137 Cs accumulation in trees is one of 33 the most important concerns for timber use and forest decontamination.
34
Radiocesium may enter a tree via root uptake, translocation from the foliar surface, or even 35 from the bark surface (Ertel and Ziegler, 1991; Tagami et al., 2012) . In a tree stem, 36 radiocesium is mobile and passes through tree rings (Kohno et al., 1988; Kudo et al., 1993; 37 Momoshima and Bondietti, 1994), resulting in whole-stem contamination. Some radiocesium 38 may form ionic bonds with carboxylic groups in cell walls, the cytoplasm of living cells, and 39 the cell debris of the heartwood, the inner part of wood (Brown, 1964 (σ = 5.8 cm, n = 175) and that of Q. serrata in the oak plot was 19.8 cm (σ = 5.8 cm, n = 82).
104
All pines and oaks selected were considered to be mature as the youngest was 36 y of age.
105
Disk samples that were approximately 5 cm thick were removed from each logged stem at 0.3, In both species, radiocesium concentration (Bq kg −1 ) was the highest in the outer bark, 140 followed by that in the inner bark and whole wood ( Table 2 ). The ratio of 134 Cs to 137 Cs was 141 about 0.6 in most samples. The burden of radiocesium (Bq) in each disk was also the largest 142 in the outer bark, followed by that in the whole wood and inner bark. The burdens followed The vertical distribution of the radiocesium concentration in the outer bark was different 154 between the species (Fig. 2) . In oaks, the radiocesium concentration in the outer bark was foliage would be supplied to the main stem at multiple heights via the inner bark (phloem), 169 and that might result in individual differences in radiocesium vertical distribution patterns.
170
In the wood of both species, there was a significant correlation between radiocesium 171 concentration and sampling height (Fig. 3) . The radiocesium concentration in the whole wood through rays is an important point that must be considered in a future study.
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In the heartwood, the movement of radiocesium toward the center must be caused by 
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